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(5) Solid electrolyte type fuel cell and method for producing the same. 

(g) An excellent solid electrolyte type fuel cell having decreased internal resistance and increased output 
and improved fuel utilization efficiency is provided. The fuel cell includes an air electrode substrate 
made of a perovskite series complexed oxide having the following composition of a formula (La* 
yAy)M03 wherein A is at least one element selected from alkaline earth metals, M is manganese or cobalt, 
and y is 0^y^0.4, a zirconia solid electrolyte film containing manganese or cobalt solid sol u ted at at 
least the neighborhood of the interface thereof between the air electrode substrate, and a fuel eJectrod 
film formed on the solid electrolyte film at a surface opposite to the air electrode substrate, and 
characterized in that it is substantially not provided with a highly resistive layer made of a compound 
containing lanthanum and zirconium at the interface between the ahr electrode substrate and the solid 
electrolyte film. Methods for producing the fuel cell are also disclosed. 
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This invention relates to a solid electrolyte type fuel cell and a method for producing the same 
Recently, fuel cells have been noted as power generating implements. The fuel cell is an implement capabl 

TcZ^T^'Z rT 031 e " er9y indUded in 3 fUC ' tG e ' eCtriC ener9y - * the M ce " is free **" limitafa-on 
of Carno s cyde. the cell is a very promising technique owing to its inher nUy high energy conversion eff£ 

Em H*"*" 10 be ° Sed (naphtha ' natUra ' 9as ' metnano1 ' 0031 refo ™ ed 93?. h ^ oT and me 
;S£f e nu,sance ' and "W -** power generating efficiency without being affected^ s£ s of 

a*!?^*^ l fl li S ° lid e,ectro| y te fuel ce » (^ferred to as "SOFC". hereinafter) operates at high temper- 
h h f°T C ' aCUVity ° f e,eCtr ° deS iS V6ry hi9h - Moreover ' the SOFC "as low polarizaZ and rel 
P V T 9S With ° Ut reqUirin9 any C3ta,ySt ° f an expensive " ob,e as Platinum so £ 

and hLT °" ' S mUCh hi9her than ,h ° Se ° f the 0ther ce,,s - furthermore, the SOFC isTtabfe 

and has long serv.ce life because all the constituent materials of the SOFC are solid 

quicks po G ssfb.e%X U r s r ChniqUe " ° f f DmS 88 

andCsuaTm a n L S l b ™! d tFT?" ,anthanum series P e ~vskite complexed oxides are the most promising 

Usually, production methods of the solid electrolyte films and the air electrodes are classified as dry oroc- 
esses and wet processes. Electrochemical vapor deposition (EVD) and thermal spray are typical f Ihe drv 

S^iga^ 

(C ™ th Z££ U< ?° t L! S eff6Cted by the SO " Ca " ed " 9aS phase process " such as ^ical vapor d position 
ind^e^ 

and the speed I of the treatment are untolerably small. Moreover, the running cost of the gas phase process* 
genTused 6 ' ^"'^ 3 he " um 9as m steam ^terlnadmixture with <Zy- 

thehL^in^S^f ^J""? iS f ° rmed by P ' aSma thermal Spray the forming rate can be mad lame 
^ handhng of the apparatus ,s simple, and relatively dense thin f ilms can be formed. Therefore, plasma ther 
mal spray has conventionally been used (Sunshine 2, [1], 1981; and Energy Sogo Kagaku 13-2 1990? 
" ha ,! a,S ° PU I b,ldy bee " known to form a so,id electrolyte film by solid soluting cerium oxide or zirc nium 

Z^H °f 6 £ ^ a,ka " ne aarth meta ' ° r 3 rare earth element - etc - to P"*>™ a raw nSSJE 
SfhfS J I'? 9 the Par " C ' e Si2e ° f the raw material - and p,asma •P"*"B »>a adjusted raw material 
of the thermal spray (Japanese Patent Application Laid-open Nos. 61-1 98.569 and 61-1 98 570) 

35 at HHS!!^' UmS f ° rmed by Plasma thermal spra y have usua,| y 3 porosity of more than 
SOFrfnd cT^ Si? % ; ? I'" 1 ^ ^ " 0t SUffiCienUy d6nSe 88 the SO,id ™» *r us t 

i^ 6 ' defeCtS ° CCUr in the f i,mS f ° rmed ^ p,asma thermal s P^ As a result, leakage 
£m a^^l l^ rm T 9 r^" 0 " ° f hydr09en ' 3nd ^ monoxide ' ete - «ft«>«9h the solid e.ectroly? 
film at the tome of operatmg the SOFC to decrease electric motive force of the SOFC per unit cell thereof than 
usual thereby to lower the output of the SOFC and conversion efficiency of the fuel to elecWc poX 
™ _J" Ven '°? Piously proposed a technique of at first plasma thermal spraying a solid electrolyt f Dm 
on a surface of the a,r electrode, and then heat treating the film to density the same (Japanese PatenVApplT 

w^s SET H°\t 11 L 469 fHed ° n SePtCmber 4 ' 1 " 0) - However « me inventore ha - a fcundS CSC 
S^ a lir arl heat . treatme " t te^Parature is sufficiently high, a highly resistive layer made of el ctrically 

45 ZTetJc^Zl 6tC - fe f ° rmed 31 the int6rfaCe betW6en the 80,1(1 e,ectrolyte f i,m and 

There is also known a method of forming a film made of a raw material for solid electrolyte on the air leo 
frode by a wet process, and sintering the film to join the solid electrolyte film to the air electrode However if 

50 ' a ? hanUm 2,rCOnate is formed "« the interface between the solid electrolyte and the air 

so electrode. wh«:h .ncreases the internal resistance of the SOFC to lower the output of the SOFC 

*Jn? Vn *' ! proposal , has made wherein stabilized zirconia is used as a raw material for solid elec- 
0^2. 2 m^m 8 pe ™ vskite aerias ~mplexed oxide of a formula (La,.^),. X M0 3 wherein y is 0 S yS0.2. x is 
2t£i!f and the A S ' te ' S stoichio ^Woally portionally defected is used as the raw material for 

air electrode film (Japanese Patent application Laid-open No. 3-59,953). 

The inventors newly studied of using such a defected perovskite sen s complexed oxide as a raw material 

o° r , 1 f 6 " k 9 4X06 air eleCtr0de tube of a bottomed tubu,ar sha P e - A* a resu,t ' *• 'nventors have found 
££2? S 3 CO "2 P °" nd haS 3 remarkab| y hi 9h sintering property owing to its rich content of manganese or 
cobalt as compared with that of non-defected perovskite structure. Therefore, the inventors have alsTfSnd 
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An objeo. of M pro-on. invents to, £j£ SSr»»anc. of «. SOFC. auppc** 

sees, stns: srs ™ : »» «*- - * «« - — - 

.n airalactrode substrate mad. of. ^^S^SSS M is^nangana. 
teastthe neighborhood of the interface substiite. characterized in that 

bolyte we fual o.U. compnsing fcnnln, on «ter^'.» ^SSXiZSS"- ■»*» 
expound on o '^-"""fj" TjS^rSn from atkatina «» 

followina oompostoon of a forpnute A>^«J "%, ovid ,„ g . (llm ma do of a material for aolid atoontyta 

-the present f irst method", hereinafter inve ntion is a method for producing a solid etec- 

,n the third aspect of the present invention. f^^^^ electrolyte on an electrode of th 
trolyte type fuel cel. including a step of ta»B^ *• "^yte o .the electrode, providing a compound 
cell, comprising forming a film of a MMlto. ?£^JS^2SriSo. of the material for solid Mriyk 
f Bm „ade of a manganese compound ora <g£™^2£^ cnange the f Urn of the materia for 

^Tc^ 

"^igs 1a-1e are cross-sectional views for explaining sequential steps of forming an air electrode substrate 

g£2£5S3=SS3E«s=s-- 

^orpr^rsr atss, -con . -«-. on — - - - 

JTSItlSS. «•■» «• ■ «- - beM,aen an a '" elec " 0<te MM and a 
ss STit^S^^^^ = - alaaw < — aans * and * -~ " a 
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test piece of an SOFC of a comparative example; 

Fig. 16a is a cross-sectional view of a plate-shap d materia! 24 for air lectrode; 

Fig. 16b is a cross-sectional view of the plate-shaped material 24 having an intermediate film 25 thereon; 
Fig. 16c is a cross-sectional view of the plate-shaped material 24 having the intermediate film 25 and fur- 
5 ther a film 26 of a material for solid electrolyte thereon; 

Fig. 17a is a cross-sectional view of a layered structure having a compound film 27 formed on the film 26 
of Fig. 16c; 

Fig. 17b is a cross-sectional view of the laminated structure after the heat treatment; 
Fig. 17c is a cross-sectional view of the heat treated layered structure having a fuel electrode film 29 formed 
10 thereon; 

Fig. 18a is a cross-sectional view of a layered structure same as that of Fig. 16c; 

Fig. 18b is a cross-sectional view of the layered structure of Fig. 18a further having a compound film 27a 
formed thereon; 

Fig. 19 is a schematic view for explaining a method of measuring a bending strength; 
15 Fig. 20 is a graph showing N 2 permeation coefficients of solid electrolyte films of embodiments of the pres- 

ent invention and comparative examples; 

Fig. 21 is a photograph taken by an SEM showing a polished surface of a sample of an embodiment of 
the present invention; 

Fig. 22 is a photograph taken by an SEM showing a polished surface of the present invention; and 
20 Fig. 23 is a graph showing a relation between the electric current density and the voltage of a test piece 

of an SOFC of an embodiment of the present invention. 

Numbering in the Drawings: 

25 1 ... bottomed tube-shaped air electrode 

1a ... inner space of the air electrode tube 1 

1b ... bottom portion of the air electrode tube 1 

1c ... tubular portion of the air electrode tube 1 

2,26A ... solid electrolyte film 
30 3,28,29 ... fuel electrode film 

4 ... oxidizing gas inlet pipe 

4a ... oxidizing gas supply mouth 

5 ... upper plate 

6 ... middle plate 
35 6a ... round perforation hole 

7 ... exhaust gas chamber 

8 ... cell reaction chamber 
9 ... bottom plate 

9a ... fuel inlet hole 
40 1 o ... fuel gas chamber 

13 ... platinum paste 

14 ... platinum net 

15 ... lead wire 

16 ... impedance analyzer 
45 1 9 ... SOFC element 

20 ... oxidizing gas chamber 

21 ...jig 

22 ... adhesive 

23 ... sample 
so 24 ... material for air electrode 

24A ... air electrode substrate 

25 ... intermediate layer 

25A ... coating 

26 ... film of a material for solid electrolyte 
55 26A ... solid electrolyte film 

27 ... air electrode substrate 
27A ... compound film 
28... fuel el ctrode f ilm 
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30 ... arm 
31 ... fulcrum 



According to the present invention, th interna! resistance of the SOFC can be decreased to improve tt, 
output of the SOFC. while improving the airtight property of the solid electrolyte film to improv the fuel utili- 
zation efficiency. Moreover, the open porosity of the air electrode can be retained high m the present .mve nbon 

According to the present invention, the whole of the solid electrolyte f .lm is unrformly densrf.ed. so that fte 
airtight property of the solid electrolyte film is improved to increase the fuel utilization efficiency. Also, the 
Sength o?*e solid electrolyte film per se can be remarkably increased, so that reliable SOFC can be mass 
produced. 

Hereinafter, the first method of the present invention will be explained in sequence. 

At first, a material 24 for air electrode of a desired shape, such as a plate shaped, as shown i in Fig. la, is 
prepared which is made of a perovskite series complexed oxide having a compos.t.on of the fenmrta ^ 
J^MOz wherein A is at least one element selected from alkaline earth metals. M is manganese or cobalt, y is 

° Sy Sough A is selected from alkaline earth metals, strontium and calcium are particularly preferable. In the 
above composition. La and A occupy the so-called "A site" of the perovskite structure. whBe M occupies the 

so-called "B site" of the structure. , 

Then an intermediate layer 25 made of a manganese compound or a cobalt compound is formed on the 
surface of the material 24 for air electrode, as shown in Fig. 1b. preferably by plasma thermal spray. 

Next a f Bm 26 made of a material containing zirconia for solid electrolyte is formed on the surface of the 
intermediate layer 25 to form a layered structure as shown in Fig. 1c. The film 26 is also preferaWy made by 
plasma thermal spray. As the raw material for solid electrolyte, a mtxture or a solid soluhon of zircon* and a 
compound (particularly, oxide) of an alkaline earth metal or a rare earth element is preferably used. 

The thus obtained layered structure is heat treated to extinguish the intermed.ate layer 25 from the surface 
of the material 24 for air electrode according to the later-described mechanism^ S imultaneous y. J f Bm 26 of 
the material for solid electrolyte is changed to an airtight solid electrolyte film 26A. As a result, <>» "ttfrtsohd 
electron film 26A is formed on the surface of the air electrode substrate 27. as shown in Fig 1d. Thereafter, 
a fuel electrode film 28 is formed on the surface of the solid electrolyte film 26Ato prepare an element of SOFC. 

38 S Ai°rnL"tivSy. 1 p e rocess steps as shown in Fig. 2a-Fig. 2c may be adopted. Namely, at first, the material 24 
for air electrode made of the above-described perovskite series complexed oxide is prepared, as shown in Fig. 
2a Then a coating 25A containing a manganese compound or a cobalt compound is formed by a wet process 
on the surface of the material 24 for air electrode, as shown in Fig. 2b. Concretely explaining dipping, slip cas- 
tering. or extrusion, etc.. is used for the wet process. Next, the coating 25A is heat treated to dissipate a solen 
etc used in the wet process to form an intermediate layer 25 made of the manganese compound or the cobalt 
compound, as shown in Fig. 2c. Thereafter, the above process steps as described with reference to Fig.s 1c. 
1d and 1e are followed t6 prepare an SOFC element .„ „ K „ maforiaI for 

According to the present first method, the intermediate layer 25 is provided between the material 24 for 
air electrode and the film 26 of the material for solid electrolyte, as shown in Fig. 1c. for example. If the layered 
structure at this stage is heat treated, manganese or cobalt is removed and diffused from the , in termed* te layer 
25 toward the film 26. As a result, manganese or cobalt is solid soluted in the zirconia solid electrolyte film at 
least at the neighborhood of the interface thereof between the air electrode substrate. According to I fee -inven- 
tors' study, the inventors have found out that the diffused element of manganese or cobalt has a ftmctoMH 9f 
accelerating the densif ication of the film 26. Therefore, by utilizing the function, the zircona solnj ele^olyte 
film 26A can be afforded with sufficient airtight property even when the temperature of the heat treatment is 

IOWe Mor!Sver, the inventors have also found out that, by providing the intermediate layer 25, not only the sin- 
tering of the film 26 can be accelerated as described above, but also the reaction between the zrcoma in the 
film 26 and lanthanum in the material 24 for air electrode can be suppressed which reaction forms a highly 
resistive layer made of La^O* etc. Namely, the inventors have found out that even when a sufficient heat 
treatment to cause the film 26 airtight was performed on the layered structure, a highly resistive layer made 
of a compound La^Oy. etc., was not formed on the interface between the air electrode substrate 27 and the 
solid electrolyte film 26A. m 

Nevertheless, even in the present invention, a microscopically small amount of a highly res.st.ve com- 
pound such as L a2 2r 2 0 7 . etc.. is sometimes formed at the interface between the air electrode substrate 27 
and the solid electrolyte film 26A. However, such a highly resistive compound is not formed continuously in a 
layer form viewed from a photograph of a cross-section thereof taken by a scanning electron microscope. 
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In this way, the highly resistive layer made of the compound containing lanthanum and zirconium can be 
excluded, so that the high electric resistance and the large output decrease of the SOFC element (unit cell) 
caused by the highly resistive layer can be prevented. 

Moreover, the above-described perovskit series complexed oxide in which the A site is not d fected is 
used as the material 24 for air electrod e in the present invention. The complexed oxide is stable and the sintering 
thereof is not progressed, at high temperatures of up to about 1 ,550°C. Therefore, even when a sufficient heat 
treatment to cause the film 26 airtight is performed on the whole layered structure including the material 24 
for air electrode, the porosity of the air electrode substrate 27 is not changed substantially. Therefore, the ef- 
ficiency of the SOFC element of generating an electric power is not decreased. 

Preferably, the film 26 made of a material for solid electrolyte is formed by plasma thermal spray. Namely, 
plasma thermal spray is technically simple as compared with EVD which is a conventional method of producing 
a dense thin film solid electrolyte, and can form a film by using an usual thermal spray apparatus and an usual 
electric furnace for heat treatment, so that it can be effected at low cost 

EVD is difficult to produce a plate-shaped solid electrolyte fuel cell, though it can produce a current rela- 
tively small tubular solid electrolyte fuel cell. Regarding this point, thermal spray method is applicable to both 
the plate-shaped and the tubular solid electrolyte films. It can also cope with production of the solid electrolyte 
film of a large size, such as an elongated tube or a flat plate of a large surface area. Moreover, in the present 
invention, the thermal sprayed solid electrolyte film is heat treated to make the film airtight. Conventional ther- 
mal sprayed electrolyte films not treated with the heat treatment have microstructures with microcracks and 
defects inherent to thermal sprayed films and also have multilayer defects, which are the cause of decrease 
of the electrical conductivity and leakage of the gases. 

In contrast, the thermal sprayed electrolyte film after the above heat treatment has no microcracks and 
defects inherent to the conventional thermal sprayed films, less layer defects, and comparatively sphere- 
shaped or nearly sphere-shaped closed pores by virtue of a movement of the material for electrolyte films to- 
wards the sharp angled surfaces and corners of the cracks thereby attaining microstructures nearly similar to 
the microstructures of solid electrolyte obtained by press forming a powder and sintering the formed powder, 
as well as homogeneous composition. As a result, the electrical conductivity of the thermal sprayed and heat 
treated electrolyte film is equal to that of the sintered bodies to prevent the leakage of the gases. 

As the plasma thermal spray used herein, low pressure plasma spray has a larger effect than normal pres- 
sure plasma thermal spray. However, even when the solid electrolyte film 26 is formed by the normal pressure 
plasma thermal spray, a sufficiently airtight solid electrolyte film 26Acan be formed by the subsequent heat 
treatment 

Preferably, the heat treatment is effected at a temperature of 1.300-1 ,500°C. 

If the temperature of the heat treatment is less than 1 ,300°C, the effect of the temperature influencing on 
the airtight property of the solid electrolyte film is not remarkable and a prolonged time is necessary for the 
heat treatment If the temperature exceeds 1,500°C. the solid electrolyte film is excessively sinter d and the 
pores are increased. 

As the abovedescribed manganese compound, preferably use is made of Mn, MnO, Mn0 2 . Mn 3 0 4 ora per- 
ovskite series complexed oxide wherein the A site is portionally defected or a mixture thereof. 

As the abovedescribed cobalt compound, preferably use is made of Co, CoO, Co 3 0 4 ora perovskite series 
complexed oxide wherein the A site is portionally defected or a mixture thereof. 

The abovedescribed intermediate layer is preferably made of a manganese compound than from a cobalt 
compound, because a manganese compound has a more remarkable effect of making the solid electrolyte f Bm 
airtight than a cobalt compound. 

The intermediate layer is preferably formed in an amount of 0.2-8.0 mg per unit area of the material for air 
electrode. If the amount is less than 0.2 mg, the effect of making the solid electrolyte film airtight and the fleet 
of preventing the formation of the highly resistive layer are not remarkable, while if the amount exceeds 8.0 
mg, the intermediate layer tends to remain after the heat treatment to deteriorate the characteristic properties 
of the fuel cell. 

Preferably, the solid electrolyte film has a manganese or cobalt solid soluted amount of 3-15 mole% at at 
least the neighborhood of the interface between the air electrode. If the amount is less than 3 mole%, th airtight 
property of the solid electrolyte is remarkably decreased, while if it exceeds 15 mo!e%, precipitation of Mn at 
the time of operating the fuel cell is considerably large. More preferable amount is 5-12 moie%. 

N xt, th s cond method of the present invention will be explained sequentially. 

The word "electrode" us d in the present second method means an air electrode or a fuel electrod . The 
"electrode" has two modes of embodiment In the first mode of embodiment, the electrode per se is a free- 
standing typ substrate. In the s cond mode of embodiment, a substrate is form d from a porous ceramic, such 
as, zirconia, etc., and an lectrode film is provided on a surface of the substrate. 
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Hereinafter, for facilitating the understanding of the present invention, explanations will be mad on the 
case of using a free-standing type air electrode substrate. However, of course, the present is applicable to other 
type of air electrode substrate. 

At first, a material 24 for air electrod of a desired shape, such as, a plate shape, is prepared as shown in 
5 Fig. 16a. 

Then, an intermediate film 25 made of a manganese compound or a cobalt compound is formed on a sur- 
face of the material 24 for air electrode, preferably by plasma thermal spray, as shown in Fig. 16b. 

Subsequently, on a surface of the intermediate film 25 a material film 26 for solid electrolyte is formed made 
of a material containing zirconia for solid electrolyte, as shown in Fig. 16c. The film 26 is preferably formed 
10 also by plasma thermal spray. As the material for solid electrolyte, use is made of a mixture or a solid solution 
of zirconia and a compound (particularly oxide) of an alkaline earth metal or a rare earth element 

Thereafter, on a surface of the material film 26 for solid electrolyte is formed a compound film 27 made 
of a manganese compound or a cobalt compound, as shown in Fig. 17a. The thus obtained layered structure 
is heat treated to extinguish the intermediate film 25 and the compound film 27 according to the later-described 
is mechanisms. Simultaneously, the intermediate layer 25 is extinguished from the material 24 for air electrode, 
and the material film 26 for solid electrolyte is changed to an airtight solid electrolyte film 26A, leaving the air- 
tight solid electrolyte film 26A formed on the air electrode substrate 24A, as shown in Fig. 17b. Afterwards, a 
fuel electrode film 29 is provided on a surface of the solid electrolyte film 26A, as shown in Fig. 17c 

An alternative method of forming the compound f ilm by a wet process will be explained sequentially, here- 
20 inbeiow. 

At first, an intermediate film 25 and a material film 26 for solid electrolyte are formed sequentially on a 
material film 24 for air electrode, as shown in Fig. 18a. Next, on a surface of the material film 26 for solid elec- 
trolyte is formed a compound film 27A containing a manganese compound or a cobalt compound by a wet proc- 
ess, as shown in Fig. 18b. Concrete examples of the wet process are d ipping, spray coating and screen printing, 
25 etc. Subsequently, in the same manner as explained with reference to Figs. 17b and 17c, a SOFC element ts 
produced. 

if a heat treatment is effected on the layered structure as shown in Fig. 17a, manganese or cobalt is moved 
and diffused from the intermediate film 25 and the compound film 27 towards the solid electrolyte film 26. The 
inventors have found out that the sintering of the material film 26 for solid electrolyte is largely accelerated par* 
30 ticularly by the diffusion of manganese or cobalt from the compound film 27. Even when the airtight solid elec- 
trolyte film 26A had a thickness of around 200 u,m, sufficient airtight property, reliability and strength of the 
film were obtained. 

The effects are increased more by the diffusion of manganese or cobalt from the intermediate film 25, be- 
cause such a diffusion accelerates airtightness of the neighborhood of the interface thereof between the air 
35 electrode substrate. 

The material film 26 for solid electrolyte is preferably formed by plasma thermal spray. This is because 
plasma thermal spray is technically simple as compared with a conventional EVD method of producing a dense 
solid electrolyte thin film and can be practiced for forming a film with low cost if only a usual thermal spray 
apparatus and a usual electric furnace for the heat treatment are available. 

40 Though EVD method can produce current relatively small tubular solid electrolyte type fuel cells, it is dif- 

ficult to produce a flat plate-shaped solid electrolyte type fuel cell. In contrast, thermal sprayed solid electrolyte 
film is applicable to both the flat plate-shaped and tubular shaped fuel cells, and can easily cope with production 
of large size solid electrolyte films, such as, elongated tube, large surface area of the flat plate. 

Plasma thermal sprayed films have usually inherent microcracks and defects and also several layers of 

45 layer defects. 

When the electrode is an air electrode made of a perovskite series complexed oxide having a composition 
of the following formula: 

(La t . yA y )M0 3 

wherein y is 0^y^0.4, and A is an element selected from alkaline earth elements and preferably calcium or 
so strontium, La and A occupy the so-called "A site" of the perovskite structure and M occupies the so-called *B 
site" of the perovskite structure, if the material f ilm for solid electrolyte is provided directly on a surface of the 
air electrode, a highly resistive layer is formed at the interface between the air electrode and the material f im 
for solid electrolyte at the time of the later heat treatment. 

The inventors have found out that, in this case, if the intermediate layer 25 is provided on a surface of the 
55 material 24 for air electrode, a reaction between zirconia in the material film 26 for solid electrolyte and lantha- 
num in the material 24 for air electrode can b prevented. Namely, even when a heat treatment sufficient to 
make the film 26 airtight was effected on the laminated structure, a highly resistive layer made of compounds, 
such as La2Zr 2 07, etc., was not formed at the interface between the air electrode substrate 24Aand the airtight 
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solid electrolyte film 26A 

Hereinafter, the present invention will be explained in detail with reference to xamples. 

Example 1 

In this mbodiment, an xample of SOFC to which the present invention is applicable will be explain d. 
Fig. 3 is a schematic cross-sectional view of an embodiment of such an SOFC. 

Referring to Fig. 3, an oxidizing gas chamber 20 and an exhaust gas chamber 7 are separated by an upper 
plate 5, the exhaust gas chamber 7 and a cell reaction chamber 8 are separated by a middle plate 6, and the 
cell reaction chamber and a fuel gas chamber 10 are separated by a bottom plate 9. An oxidizing gas inlet pip 
4 is supported and fixed by the upper plate 5. The middle plate 6 has a round perforation hole 6a which mod- 
erately holds the upper portion of a SOFC element 19. 

The bottom plate 9 has fuel gas inlet holes 9a of a desired size and number. The SOFC element 19 has 
in its interior portion a bottomed tube-shaped air electrode 1 which consists of a tubular portion 1c extending 
vertically in the cell reaction chamber 8 and a substantially half sphere-shaped bottom portion 1b. The air elec- 
trode tube 1 has an inner space 1a which receives an oxidizing gas inlet pipe 4 inserted therein. An oxidizing 
gas supplying mouth 4a at the end of the inlet pipe 4 opposes the bottom portion 1b. 

The air electrode tube 1 has at its outer circumferential wall a zirconia solid electrolyte film 2 formed there- 
on, and the zirconia solid electrolyte film 2 has a fuel electrode film 3 formed at the outer circumferential wall 
thereof. The SOFC element 19 has an electric current-generating portion in the cell reaction chamber r cell 
electric current-generating chamber 8, and the upper end portion of the electric current-generating portion is 
opened to the exhaust gas chamber 7. 

At this state, if an oxidizing gas, such as, air, etc., is supplied from the oxidizing gas chamber 20 to th 
oxidizing gas inlet pipe 4 as shown by the arrow A, the oxidizing gas discharged from the oxidizing gas inlet 
pipe 4 through an oxidizing gas supply mouth 4a is diverted in direction at the bottom portion 1b as shown by 
the arrow B to flow in the inner space 1 a of the air electrode tube 1 and flowed out to the exhaust gas chamber 
7 as shown by the arrow C. In the meantime, a fuel gas, such as, H 2 or CH 4 , etc., is supplied from th fu I inlet 
holes 9a arranged at the bottom plate 9 as shown by the arrow D and flowed along the outer circumferential 
wall of the SOFC element 19. Due to the flow of the fuel, a flow of oxygen through the solid electrolyte film 2 
is generated to react oxygen ions with the fuel at the fuel electrode film 3. 

As a result, an electric current is flowed between the air electrode tube 1 and the fuel electrode f flm 3. B cause 
such a SOFC is used at a high temperature of around 1 ,000°C, the embodiment as shown in Fig. 3 which was 
constructed without using a sealed portion is considered as a preferable embodiment 

The fundamental air electrode tube 1 and solid electrolyte film 2 are constituted, of course, according to 
the present invention. The present invention is also applicable to a tubular SOFC element of which the both 
ends are opened (namely, not having a bottom portion) or a flat plate-shaped SOFC element, in the same man- 
ner as in this embodiment 

Hereinafter, concrete experimental results will be explained. 

Example 2 



In this example, a sample of an SOFC element is prepared and tested. 

Atf irst, a raw material for air electrode was prepared made of a perovskite series complexed oxide. Namely, 
at first, La 2 0 3t SrC0 3 and Mn 3 0 4 were prepared as starting raw materials. 

Among the starting raw materials, a powder of La 2 0 3 was preliminarily calcined in air at a temperature of 
900°C for 3 hrs. Then, the starting raw materials were weighed in a La:SnMn mole ratio of 4:1:5, mixed together 
in a pot mill in wet process, formed at a pressure of 1 tf/cm 2 by a mold press, and heat treated in air at 1 ,450°C 
for 15 hrs to synthesize a perovskite series complexed oxide. The synthesized product was pulverized to obtain 
a powdery raw material. The thus obtained powdery raw material was analyzed by emission spectrochemical 
analysis method and X-ray diffraction method to find out that the powdery raw material consists of a p rovskite 
series complexed oxide having a composition of ta 0 ^Sr 0 ^MnO 3 . 

Then, the powdery raw material was formed under a pressure of 500 kgf/cm 2 by a moid press method 
and fired in air at 1,570°C for 8 hrs. 

The thus obtained sintered body was measured on open porosity by Archimedes method to obtain an open 
porosity of 29%. 

A disc of a diameter of 20 mm and a thickness of 2 mm was cut out from the sintered body to prepare a 
material 24 for air electrode as shown in Fig. 1a. 

Then, mangan se dioxid Mn0 2 was prepared and plasma thermal sprayed on a surface of th material 
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24 for air electrode to obtain an intermediate layer 25 of a thickness of about 10 jam. In addition, zirconia sta- 
bilized with 8 mole% yttria (8YS2) was prepared and plasma thermal sprayed on a surface of the intermediate 
layer 25 to form a zirconia film 26 of a thickness of about 1 00 urn. 

Then, the thus obtained layered structure was heat treated in air at 1,000°C, 1,200°C, 1,300°C or 1,400°C 
5 for 3 hrs to obtain a layered structure of a solid electrolyte film 26A and an air electrode substrate 27 as shown 
in Fig. 1d. Afterwards, the layered structure was measured on electric resistance for evaluating the electrical 
properties thereof and on N 2 gas permeation coefficient for evaluating the airtight property thereof. 

At that time, electric resistance of the layered structure was measured on an apparatus as shown in Fig. 
4. Namely, a platinum paste 13 of a diameter of 6 mm was formed by a screen printing method on a surface 
10 of the air electrode substrate 27 and a surface of the solid electrolyte film 26A, respectively, baked in air at 
1 ,000°C for 1 hr to prepare a sample for measurement. A platinum net 14 was set on the surface of the platinum 
paste 13 of each sample, and each platinum net 14 was connected to a terminal of an impedance analyzer via 
a lead wire 15. Then, ohmic resistance of the layered structure was measured in air at 1 ,000°C using an alter- 
nating current impedance method. 
15 N 2 gas permeation coefficient of the layered structure was measured using an apparatus as shown in block 

diagram in Fig. 5. Namely, a desired sample 23 to be tested was set on a jig 21 and the spaces between the 
sample 23 and the jig 21 were sealed by an adhesive 22. 

A surface of the sample 23 was exposed to a pressurized N 2 atmosphere of 2 atm and the other surface 
of the sample 23 was exposed to an N 2 atmosphere of normal pressure (measured at room temperature). At 
20 this time, the flow rate of nitrogen flowing from the 2 atm side to the 1 atm side was measured by a mass flow 
controller, and an N 2 gas permeation coefficient K (cnrr^s- 1 ) was determined by the following equation: 

K = tQ/(APA) 

wherein t is a thickness of the sample, Q is N 2 gas permeation flow rate (cm 3 /s), AP is a pressure differential 
(g/cm 2 ), and A is area (cm 2 ) of the opening of the jig 21 . 
25 At this time, the air electrode substrate 27 was solely set as the sample 23 on the jig 21 to measure an N 2 

gas permeation coefficient K t thereof, while a layered structure of the air electrode substrate 27 and the solid 
electrolyte film 26A was set on the jig 21 as the sample 23 to measure an N 2 gas permeation coefficient K3 
thereof^An N 2 gas permeation coefficient K 2 of the solid electrolyte film 26A alone was calculated from th 
following formula: 

30 K 2 - X 2 K r K 2 f(K v t 3 -UK^ 

wherein t 2 is a thickness of the solid electrolyte film 26A, t 3 is a thickness of the layered structure, and tj is a 
thickness of the air electrode substrate 27. 

The results of the measurements of the samples are shown in Figs. 6 and 7. 

35 Example 3 

At first, a material 24 for air electrode same as that of Example 2 was prepared as shown in Fig. 2a. Then, 
30 parts by weight of trimanganese tetraoxide Mn 3 0 4 was added to 100 parts by weight of water and agitated 
by a stirrer to obtain a Mn 3 0 4 slurry. The slurry was applied on a surface of the material 24 for air electrode 

40 corresponding to Example 2 by a vacuum dipping method to form a coating 25A of a thickness of about 10 nm 
as shown in Fig. 2b. At this time, the Mn 3 0 4 was deposited in a layer form in an amount of 1.8 mg per unit surface 
area of the material 24 for air electrode. 

The thus obtained layered structure was heat treated in air at 1 ,300°C for 3 hrs to bake and fix the coating 
25A on the surface of the material 24 for air electrode to form an intermediate layer 25 as shown in Fig. 2c. In 

46 addition, a zirconia stabilized with 8 mole% yttria (8YS2) was prepared, plasma thermal sprayed on a surface 
of the intermediate layer 25 to form a zirconia film 26 of a thickness of about 1 00 urn. 

Then, the thus obtained layered structure was heat treated in air at 1,000°C, 1,200°C, 1,300°C or 1,400°C 
for 3 hrs to prepare a layered structure as shown in Fig. 1d. Then, the layered structure was measured on elec- 
tric resistance for evaluating the electric properties thereof and on N 2 gas permeation coefficient for evaluating 

so the airtight property thereof. The results of the measurements were substantially the same with those of the 
sample of Example 2 and the differences between the measurements in Example 2 and this Example 3 were 
within measuremental errors. Therefore, the measured values on each sample of Examples 2 and 3 are sum- 
marized and shown in Figs. 6 and 7. 

55 Comparative Example 1 

At first, 8YSZ was plasma thermal sprayed on a surface of a material 24 for air electrode prepared as in 
Example 2 to form a zirconia film 26 of a thickness of about 100 urn. Then, the thus obtained layered structure 
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was heat treated in air at 1,000°C, 1 f 200°C, 1,300°C, 1,4Q0°C or 1,550°C for 3 hrs to densify the thermal 
sprayed films. In order to evaluate the effect of the heat treatment, the films were measured on th same m as- 
urements as those of Example 2. The results of the measurements are shown in Figs. 6 and 7. 

5 Comparativ Example 2 

A material for air electrode made of a perovskite series complexed oxide wherein the A site is portionaliy 
defected was prepared. Namely, at first, La 2 0 3t SrC0 3 and Mn 3 0 4 were prepared as starting raw materials. 

Among the starting raw materials, a powder of La 2 0 3 was preliminarily calcined in air at 900°C for 3 hrs. 
io Then, each starting raw material was weighed in a mole ratio of La:Sr.Mn=76:19:100, and mixed together in a 
pot mil! in wet process, formed at a pressure of 1 tf/cm 2 by a press mold method, and heat treated in air at 
1 ,450°C for 1 5 hrs to synthesize a perovskite series complexed oxide. The synthesized product was pulveriz d 
to obtain a powdery raw material. The thus obtained powdery raw material was analyzed by emission spec- 
trochemical analysis method and X-ray diffraction method to find out that the powdery, raw material consists 
15 of a perovskite series complexed oxide having a composition of (La 0 j3Sr 0 ^)o.95Mn03. 

Then, the powdery raw material was formed at a pressure of 500 kgf/cm 2 by a press moid method, and 
fired in air at 1,420°C for 8 hrs. 

The thus obtained sintered body was measured on open porosity by Archimedes method to obtain an open 
porosity of 27%. 

20 A disc of a diameter of 20 mm and a thickness of 2 mm was cut out from the sintered body to prepare a 

material for air electrode. Then, 8YSZ was prepared and plasma thermal sprayed on a surface of the material 
for electrode to obtain a zirconia film of a thickness of about 100 ujm. Thereafter, the layered structure was 
heat treated in air at 1.000°C, 1,200°C, 1,300°C or 1,400°C for 3 hrs to densify zirconia film. Afterwards, the 
layered structure was measured on electric resistance for evaluating the electric properties thereof and on N 2 

25 gas permeation coefficient for evaluating the airtight property thereof. The results of the measurem nts are 
shown in Figs. 6 and 7. 

When compared the samples of Examples 2 and 3 with the samples of Comparative Example 1, temper- 
atures of the heat treatment of Examples 2 and 3 necessary for achieving an N 2 gas permeation coefficient 
of an order of 1 0-* are lower by around 1 50°C than that of Comparative Example 1 . This is consid red due to 
30 acceleration of the sintering of the film 26 by virtue of the intermediate layer. Also, when compared the lectric 
resistance of the samples at the same condition of the heat treatment, the samples of Examples 2 and 3 have 
lower electric resistance than the samples of Comparative Example 1. The samples of Examples 2 and 3 hav 
no significant difference from the samples of Comparative Example 2 in electric resistance and N 2 gas p r- 
meation coefficient. 

35 Thereafter, each air electrode substrate used in the samples of Examples 2 and 3 was heat treated in air 

at 1 ,000°C, 1 ,200°C, 1 ,400°C or 1 ,500°C for 3 hrs, measured on open porosity by Archimedes method to eval- 
uate heat resistant property thereof. The air electrode substrate used in the samples of Comparative Exampl 
2 were also measured on open porosity in the same manner. The results are shown in the following Table 1. 
As seen from the results of measurements shown in the above Table 1, the air electrode substrate is not 

40 sintered to decrease the open porosity thereof in the 



Table 1 



45 



50 





1,000°C 
x 3 hrs 


1,200°C 
x 3 hrs 


1,300°C 
X 3 hrs 


1,400°C 
X 3 hrs 


1,550°C 
x 3 hrs 


Example 1 
and 2 


29% 


29% 


29% 


29% 


27% 


Control 
Example 2 


27% 


27% 


26% 


24% 


9% 



55 

present invention during the process of the heat treatment. Therefore, there is no afraid that th d'rffusi n of 
the oxidizing agent in the air electrode substrate is prevented. 

The samples f Examples 2 and 3 were analyzed as follows. Howev r, the samples were chosen from those 
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that heat treated in air at 1 ,400°C for 3 hrs. The samples were polished on the cross-sectional surfaces thereof 
and observed at the polished surfaces by using a scanning electron microscope (SEM). Photographs taken 
by the SEM are shown in Figs. 8 and 1 0. The photograph of Fig. 1 0 was taken by a more largely enlarged seal 
than that of Fig. 8, in order to clarify the microstructure at the neighborhood of the interfac thereof. 

5 Also, EPMA was ffected on the cross-section as shown in Fig. 8 to line analyze the distribution of the ele- 

ments Zrl La and Mn. The results are shown in Fig. 9. As seen from Figs. 8, 9 and 1 0, the solid electrolyte fPm 
has a microstructure particularly densified at the neighborhood of the interface between the air electrode sub- 
strate. As seen also from the line analysis, manganese is diffused into the neighborhood of the interface be- 
tween the air electrode substrate. A lanthanum zirconate layer was not ascertained by the SEM photographs 

10 and the line analysis. 

The above analyses were effected also on the samples of Comparative Example 1 . However, for bringing 
the airtight property, etc., into line, the samples were chosen from those heat treated in air at 1.550°C for 3 
hrs. Photographs taken by the SEM are shown in Figs. 11 and 13, and line analysis by the EPMA is shown in 
Fig. 12. The photograph of Fig. 13 was taken by a more enlargely enlarged scale than that of Fig. 11, in order 

15 to clarify the microstructure at the neighborhood of the interface thereof. 

Though the samples of Comparative Example 1 were densified by the heat treatment which was higher in 
temperature by 1 50°C than the heat treatment used for the samples of the present invention to a same densi- 
f ication extent as that of the samples of the present invention, the samples of Comparative Example 1 have a 
compound layer at the interface between the air electrode substrate and the solid electrolyte film. The com- 

20 pound layer was judged as lanthanum zirconate La^Or from the results of the line analysis. The lanthanum 
zirconate is an electrically insulative layer and the formation of the compound is considered as a cause of the 
decrease of the electric resistance. 

From the results of these experiments, it can be understood that the internal resistance of the SOFC can 
be decreased, the airtight property of the solid electrolyte film can be improved, and the output of the SOFC 

25 and the fuel utilization efficiency can be improved by adopting the structure of the present invention. 

In order to prove these points in practice, a paste of a nickel-zirconia cermet (Ni:8YS2=6:4 in volume ratio) 
was screen printed in a round shape of a diameter of 6 mm on a surface of the solid electrolyte film of the sample 
of Example 1 (heat treated in air at 1 ,400°C for 3 hrs), and baked in air at 1 ,350°C for 2 hrs. 

A {est piece of the thus produced flat plate-shaped SOFC was fixed on a jig. Hydrogen humidized at room 

3a temperature was introduced into the fuel electrode film side of the SOFC, while an oxygen gas was introduced 
into the air electrode substrate side of the SOFC to generate an electric current at 1,000°C. A current-voltage 
characteristic graph of the generated electric current was measured, and the results are shown in Fig. 14. 

In the same manner as described above, a fuel electrode film was provided on a surface of the sample of 
Comparative Example 1 to prepare a test piece of a flat plate-shaped SOFC, and a current-voltage character- 

35 istic graph thereof was measured in the same manner as described above, and the results are shown in Fig. 
15. 

As the results of the measurements, open end voltages of the samples of Examples 2 and 3 were 1,070 
mV, while that of Comparative Example 1 was also 1 ,070 mV. Thus, in the sample of the present invention, th 
open end voltage is the same as that of Comparative Example 1 even when the thermal sprayed solid electrolyte 
40 film of the sample of the present invention was heat treated at a temperature lower by 150°C than that of Com- 
parative Example 1 . Moreover, short-circuiting electric current of the sample of the present invention is far larger 
than that of Comparative Example 1 , so that the output of the cell of the present invention is considered to have 
been remarkably increased. 



45 Example 4 

The procedure of Example 2 was repeated to prepare the plasma thermal sprayed zirconia film 26 of a 
thickness of about 100 um on the intermediate layer 25. Then, on the zirconia film 26 was plasma thermal 
sprayed manganese dioxide to form a compound film 27 of a thickness of about 10 urn. 
50 Subsequently, the layered structure was heat treated in air at 1 ,000°C. 1 ,200°C, 1 ,300°C or 1 ,400°C for 3 

hrs to prepare a layered structure as shown in Fig. 1 7b. Thereafter, N 2 gas permeation coefficient and bending 
strength of the airtight solid electrolyte film 26A were measured. 

The measurement of N 2 gas permeation coefficient was performed using the apparatus as shown in block 
diagram in Fig. 5 and in the same manner as described Example 2. 
55 The measured results are shown in Fig. 21 . 

The measurement of bending strength was performed using an apparatus as schematically shown in Fig. 
19. Namely, the sample 23 was mounted on a pair of fulcrums 31 having a span length L and a pair of sup- 
pressors 32 having a span length £ were mounted on the sample 23. The pair of suppressors 32 were fixed 

11 



EP 0 524 013 A1 



by an arm 30. A force was exerted on the arm 30 in a direction as shown by the arrow E to measure a load at 
br akage of the sample 23. 

In this embodim nt, the upper span length f was 0.5 cm and the lower span length L was 1.5 cm. Meanwhil , 
from the layered structure as shown in Fig. 1 7b the air electrode substrate 24A was removed by a plain grinder 
and the remaining airtight zirconia film 26A was worked to a specim n of a size of a thickness of 100 \im, a 
width of 0.2 cm, and a length of 1 .8 cm. A load at breakage of the specimen was measured by a load cell, and 
a bending strength <r (kgf/cm 2 ) of the airtight zirconia film 26A was determined based on the following formula: 

a = 3P(L-f)/2bd 2 

wherein P is a load (kgf) at breakage of the specimen, L is a lower span length (cm), t is an upper span length 
(cm), b is a width of the specimen (cm), and d is a thickness of the specimen (cm). 

In Example 4, as to the layered structure heat treated at 1 ,400°C, the airtight zirconia film was measured 
on bending strength to obtain a value of 18 kgf/cm 2 . 

Example 5 

At first, a layered structure similar to Fig. 1 6c of Example 4 was prepared as shown in Fig. 1 8a. Th n, 30 
parts by weight of trimanganese tetraoxide Mn 3 0 4 was added to 100 parts by weight of water and agitated by 
a stirrer to obtain a Mn 3 0 4 slurry. The slurry was applied on a surface of the zirconia film 26 corresponding 
to Example 4 by a vacuum dipping method to form a compound film 27A of a thickness of about 10 urn as shown 
in Fig. 1 8b. At this time, the Mn 3 0 4 was deposited in a layer form in an amount of 1 .8 mg per unit surface area 
of the zirconia film 26. 

Then, the thus obtained layered structure was heat treated in air at 1 ,000°C f 1,200°C, 1 ,300°C or 1 ,400°C 
for 3 hrs to obtain a layered structure as shown in Fig. 17b. Thereafter, N 2 gas permeation coefficient of th 
airtight zirconia film 26A was measured. The measured values are shown in Fig. 20. Also, as to the layered 
structure heat treated at 1 f 400°C, bending strength of the airtight zirconia film 26A was measured to obtain a 
value of 17 kgf/cm 2 . 

Example 6 

The procedure of Example 4 was repeated to produce a layered structure consisting of the material 24 for 
air electrode, the intermediate film 25 and the zirconia film 26 as shown in Fig. 16c. The layered structure was 
heat treated in air at 1 ,000°C, 1 ,200°C, 1 ,300°C or 1 ,400°C for 3 hrs to densify the zirconia film 26. Then, N 2 
gas permeation coefficient of the heat treated zirconia film was measured. The measured results are shown 
in Fig. 20. Also, bending strength of the zirconia film of the specimen heat treated at 1,400°C was measured 
to obtain a value of 4 kgf/cm 2 

Comparative Example 3 

8YSZ was plasma thermal sprayed on a surface of the material 24 for air electrode produced by Example 
4 to obtain a zirconia film of a thickness of about 100 urn. Then, the thus obtained layered structure was heat 
treated in air at 1 , 000°C, 1 ,200°C, 1 ,300°C, 1 ,400°C or 1 ,500°C for 3 hrs to densify the zirconia film 26. There- 
after, N 2 gas permeation coefficients of the zirconia film after the heat treatment were measured. The measured 
results are shown in Fig. 20. 

When compared the specimens of Examples 4 and 5 with the specimens of Examples 6 and Comparative 
Example 3, N 2 gas permeation coefficients of the specimens of Examples 4 and 5 heat treated at 1,400°C are 
on the order of 10r 10 , whereas those of Example 6 are on the order of 10r* and those of Comparative Example 
3 are on the order of lOr 6 . Thus, it is considered that the sintering of the zirconia film 26 is accelerated in Ex- 
amples 4 and 5 by virtue of the manganese compound films 25 and 27. Also, the bending strength of the spe- 
cimens of Examples 4 and 5 are 4 times or more higher than those of Example 6. 

The specimen of Example 4 was analyzed in the following way by a photograph taken by a microscope. 
The specimen was that heat treated in air at 1,400°C for 3 hrs. The specimen was polished at a cross-section 
thereof and the polished cross-section was observed by a SEM. A photograph taken by the SEM is shown in 
Fig. 21. From the photograph, it can be seen that the airtight zirconia film 26A has a microstructure uniformly 
d nsif ied from the interfac of the air electrode substrate to nearly the surface. 

The specim n of Example 6 was also analyzed in the above way. Th specimen was that heat tr ated in 
air at 1,400°C for 3 hrs. A photograph taken by the SEM is shown in Fig. 22. From the photograph, it can be 
seen that the airtight zirconia film has a microstructure not densif ied near the surface though it was densif ied 
at the interface between the air electrode substrate. 
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From these experimental results it is understood that the whole solid electrolyte film can b uniformly den- 
sif ied by the adaption of the structure of the pr sent invention, so that the airtight property of the solid electrolyte 
film can be improved to increase the SOFC output and th fuel utilization efficiency. Also, the strength of the 
solid electrolyte film can be remarkably increased by the densif ication, so that a reliable SOFC can be mass 
5 produced. 

In order to prove these points in practice, a past of nickel-zirconia cermet (Ni:8YSZ=6:4 in volume ratio) 
was screen printed to a round shape of a diameter of 6 mm on a surface of the specimen of Example 4 (heat 
treated in air at 1,400°C for 3 hrs), and baked in air at 1 t 350°C for 2 hrs. 

A specimen of the thus produced flat plate-shaped SOFC was fixed on a jig, hydrogen humidized at room 
10 temperature was introduced into the fuel electrode film side of the SOFC, while an oxygen gas was introduced 
into the air electrode substrate side of the SOFC to generate an electric current at 1,000°C. A current- voltage 
characteristic graph of the generated electric current was measured, and the results are shown in Fig. 23. 

In the same manner as described above, a fuel electrode film was provided on a surface of the sample of 
Example 6 (heat treated in air at 1,400°C for 3 hrs) to prepare a specimen of a flat plate-shaped SOFC, and 
is a current-voltage characteristic graph thereof was measured in the same manner as described above, and th 
same results as shown in Fig. 14 were obtained. 

AJso, in the same manner as described above, a fuel electrode film was provided on a surface of the sampl 
of Comparative Example 3 (heat treated in air at 1 ,550°C for 3 hrs) to prepare a specimen of a flat plate-shaped 
SOFC, and a current-voltage characteristic graph thereof was measured in the same manner as described 
20 above, and the same results as shown in Fig. 15 were obtained. 

As a result, open end voltage of the sample of Example 4 was 1 ,120 mV, while those of Example 6 and 
Comparative Example 3 were 1 ,070 mV. In the sample of Example 4, the open end voltage was increased, th 
short-circuiting current was increased, and the output of the unit cell was improved. 

Although the present invention has been explained with specific examples and numeral values, it is of 
25 course apparent to those skilled in the art that various changes and modifications thereof are possible without 
departing from the broad spirit and aspect of the present invention as defined in the appended claims. 



Claims 

30 

1. Asolid electrolyte type fuel cell including an airelectrode substrate made of a perovskite series complexed 
oxide having the following composition of a formula (La^yAyJMOa wherein A is at least one element se- 
lected from alkaline earth metals, M is manganese or cobalt, and y is 0^y^0.4, a zirconia solid electrolyte 
film containing manganese or cobalt solid soluted at at least the neighborhood of the interface thereof 
35 between the air electrode substrate, and a fuel electrode film formed on the solid electrolyte film at a sur- 

face opposite to the air electrode substrate, characterized in that the fuel cell is substantially not provided 
with a highly resistive layer made of a compound containing lanthanum and zirconium at the interface be- 
tween the air electrode substrate and the solid electrolyte film. 

40 2. The solid electrolyte type fuel cell of claim 1 , wherein the air electrode substrate is a structural body having 
a thickness of at least 0.5 mm. 

3. The solid electrolyte type fuel cell of claim 1 , wherein the air electrode substrate is a porous body having 
a porosity of at least 25%. 

45 

4. The solid electrolyte type fuel ceil of claim 1, wherein the zirconia solid electrolyte film has a manganese 
or cobalt solid soluted amount of 3-15 mole%. 

A method for producing a solid electrolyte type fuel cell, comprising forming an intermediate layer con- 
sisting of a manganese compound or a cobalt compound on a surface of a material for air electrode made 
of a perovskite series complexed oxide having the following composition of a formula (La^ yAy)M0 3 where- 
in A is at least one element selected from alkaline earth metals, M is manganese or cobalt, and y is 
0^y^0.4, providing a film made of a material for solid electrolyte on the surface of the intermediate layer 
to form a layered structure, heat treating the thus obtained lay red structure to extinguish the intermediate 
layer while changing the film of the material for solid electrolyte to an airtight solid electrolyte film. 

6. The method of claim 5, wherein the intermediate layer is formed by plasma thermal spray on the surface 
of the raw material for air electrode. 
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7. The method of claim 5, wherein the intermediate layer is formed by forming a coating containing a man- 
ganese compound or a cobalt compound on the surface of th raw material for air lectrode, and then 
heat treating the coating. 

8. Th method of claim 5, wherein the film of the material for solid electrolyte is form d by plasma thermal 
spray. 

9. A method for producing a solid electrolyte type fuel cell including a step of forming a f ilm of a material for 
solid electrolyte on an electrode of the cell, the electrode being an air electrode or a fuel electrode, com- 
prising forming a film of a material for solid electrolyte on the electrode, providing a compound film made 
of a manganese compound or a cobalt compound on the surface of the material for solid electrolyte to 
form a layered structure, and then heat treating the layered structure to change the film of the material 
for solid electrolyte film to an airtight solid electrolyte film. 

10. The method of claim 9, wherein an intermediate film made of a manganese compound or a cobalt com- 
pound is provided on the surface of the electrode and the film of the material for solid electrolyte is provided 
on the surface of the intermediate film. 



11. The method of claim 10, wherein the electrode is an air electrode made of a perovskite series complex d 
oxide having a composition of a formula: 

20 (La! . yAy) M °3 

wherein A is at least one element selected from alkaline earth elements, M is manganese or cobalt and 
y is 0^y^0.4. 

12. The method of claim 9, wherein the film of the material for solid electrolyte is formed by plasma thermal 
25 spray. 

13. The method of claim 9, wherein the compound film is formed by plasma thermal spray. 

14. The method of claim 9, wherein the compound film is formed by a wet process. 

30 15. The method of claim 14, wherein the wet process if selected from tape casting, slip casting or extrusion. 
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FIG. 3 
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FIG. 4 
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FIG. 5 
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FIG. 8 
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FIG. 10 
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FIG. 16a 
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FIG. 16 c 
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FIG.I9 
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FIG. 20 
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FIG. 22 
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